A new singular impulsive delay differential inequality is established. Using this inequality, the invariant and attracting sets for impulsive neutral neural networks with delays are obtained. Our results can extend and improve earlier publications.
Introduction
It is well known that inequality technique is an important tool for investigating dynamical behavior of differential equation. The significance of differential and integral inequalities in the qualitative investigation of various classes of functional equations has been fully illustrated during the last 40 years 1-3 . Various inequalities have been established such as the delay integral inequality in 4 , the differential inequalities in 5, 6 , the impulsive differential inequalities in 7-10 , Halanay inequalities in 11-13 , and generalized Halanay inequalities in [14] [15] [16] [17] . By using the technique of inequality, the invariant and attracting sets for differential systems have been studied by many authors 9, 18-21 .
However, the inequalities mentioned above are ineffective for studying the invariant and attracting sets of impulsive nonautonomous neutral neural networks with timevarying delays. On the basis of this, this article is devoted to the discussion of this problem.
Motivated by the above discussions, in this paper, a new singular impulsive delay differential inequality is established. Applying this equality and using the methods in 10, 22 , some sufficient conditions ensuring the invariant set and the global attracting set for a class of neutral neural networks system with impulsive effects are obtained.
denotes the derivative of ψ s . In particular, let ϕ s .
2.1
For any ϕ ∈ PC 1 , we define the following norm:
For an M-matrix D defined in 23 , we denote
It is a cone without conical surface in R n . We call it an "M-cone".
Singular Impulsive Delay Differential Inequality
For convenience, we introduce the following conditions. 
where τ > 0, a < b ≤ ∞, and
provided that the initial conditions satisfy
where
. . , z r T ∈ Ω M U and the positive number λ satisfies the following inequality:
Proof. By the conditions C 2 and the definition of M-matrix, there is a constant vector z z 1 , . . . , z r T such that P Q z < 0, − P Q −1 exists and
By using continuity, we obtain that there must exist a positive constant λ satisfying the inequality 3.6 , that is,
Denote by
It follows from 3.3 and 3.5 that
3.9
In the following, we will prove that for any positive constant ε,
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3.11
If inequality 3.10 is not true, then ℘ is a nonempty set and there must exist some integer m ∈ ℘ such that θ m min i∈℘ {θ i } ∈ a, b .
If m ∈ S, by v m t ∈ C a, b , R and the inequality 3.5 , we can get
By using C 2 , 3.3 , 3.7 , 3.12 , 3. 
3.17
This is a contradiction. Thus the inequality 3.10 holds. Therefore, letting ε → 0 in 3.10 , we have
The proof is complete. 
Applications
The singular impulsive delay differential inequality obtained in Section 3 can be widely applied to study the dynamics of impulsive neutral differential equations. To illustrate the theory, we consider the following nonautonomous impulsive neutral neural networks with delaysẋ t 
−D t x t A t F x t B t G x t − τ t C t H ẋ t − r t J t , t / t k , x t I k t, x t − , t t k ,
The initial condition for 4.1 is given by
We always assume that for any ϕ ∈ PC 1 , 4.1 has at least one solution through t 0 , ϕ , denoted by x t, t 0 , ϕ or x t t 0 , ϕ simply x t or x t if no confusion should occur .
Definition 4.1. The set S ⊂ PC
1 is called a positive invariant set of 4.1 , if for any initial value ϕ ∈ S, we have the solution x t t 0 , ϕ ∈ S for t ≥ t 0 .
Definition 4.2. The set S ⊂ PC
1 is called a global attracting set of 4.1 , if for any initial value ϕ ∈ PC 1 , the solution x t t 0 , ϕ converges to S as t → ∞. That is,
Throughout this section, we suppose the following.
n , A t , B t , C t , τ t , r t are continuous. Moreover, 0 ≤ τ ij t ≤ τ and 0 < r ij t ≤ τ i, j ∈ N .
. . , J n T , h s ∈ H and a constant δ > 0 such that 
H 5 There exists nonnegative matrix I k I k ij n×n , such that for all u ∈ R n , i ∈ N and
and let D − P Q be an M-matrix, and
H 7 There exists a constant ν such that
where ν < λ, and the scalar λ > 0 is determined by the inequality λK P Qe λσ z * < 0, 4.10 
